We aimed to investigate the potential genetic relationships between the polymorphisms of gene rs5498 ICAM-1 and rs1041163 VCAM-1 and chronic periodontitis in a Chinese population within Heilongjiang.
Background
Periodontal disease is characterized by Gram-negative bacteria in the oral cavity, along with chronic inflammation [1, 2] , which could consequently lead to the destruction of the soft tissue and resorption of the periodontal bone. It was suggested that the alteration or progression of the disease may be associated with the host immune response to these bacteria, and that inflammatory cells in diseased periodontal tissues are related to the disease progression [3, 4] . Recruitment and retention of these cells are determined by cell adhesion molecules, which are suggested to be involved in the pathogenesis of inflammatory diseases [5] . Evidence shows that cell adhesion molecules can be up-regulated as a result of stimulation from certain pro-inflammatory cytokines, and can act as co-stimulatory receptors in the activation of inflammatory cells [6] .
Cellular adhesion molecule (CAM), an adhesion protein on the surface of the gums, epithelium of gingival sulcus, and junctional epithelium, is an important component of the adhesion between cells and their extracellular matrix [7] . CAM is involved in the occurrence and development of periodontitis, mainly through the participation of cell information transmission, inflammation, and immune response [8, 9] . With the assistance of the specificity of CAM on the junctional epithelium, polymorphonuclear leukocyte (PMN) can enter the gingival and periodontal pocket, playing the role of sterilization. The level of CAM is positively correlated with the degree of periodontal inflammation [10] .
Intercellular adhesion molecule 1 (ICAM-1) and vascular cell adhesion molecule 1 (VCAM-1) belong to the Ig superfamily [11, 12] . ICAM-1 is widely expressed on leucocytes, endothelial cells, monocytes, synovial cells, fibroblasts, and epithelial cells [13, 14] . In immunological and inflammatory reactions, ICAM-1 and VCAM-1 have the ability to promote cell adhesion and recruit leucocytes. These abilities of ICAM-1 and VCAM-1 were found to be involved in rheumatoid arthritis [15] . In confirmation of this information, a study also showed that the plasma and synovial fluid levels of ICAM-1 and VCAM-1 were significantly higher in rheumatoid arthritis patients in comparison with normal healthy controls [16] . The ICAM1 gene is located on locus 19p13.3-p13.2 [17] . As an indispensable participant in the initiation of the immunological response, ICAM-1 mediates adhesion of leukocytes against the blood vessel wall, enabling them to enter the tissues by transendothelial migration [18] . The VCAM1 gene is located on locus 1p31-32 [19] . As an endothelial receptor for VLA-4 and integrin a4b7, VCAM1 contributes to the initiation of the T cell response to alloantigens [20] . The polymorphisms of ICAM1 and VCAM1 genes may affect the function of the immune response [21] . Several studies have indicated that polymorphisms of rs5498 T>C in exon 6 of the ICAM1 gene and rs1041163 T>C in the VCAM1 gene promoter are associated with various diseases, such as coronary artery disease, stenosis, myocardial infarction, and arthrosclerosis [22] [23] [24] . Because the pathophysiology of periodontitis is similar to that of these diseases, which is inflammatory in nature, and no case-control study has been conducted on the associations between ICAM-1 and VCAM-1gene polymorphisms and chronic periodontitis, we evaluated their roles in the susceptibility to periodontal diseases and investigated the potential associations between the polymorphisms and chronic periodontitis in the Heilongjiang Chinese population.
Scientific rationales
Previous studies indicated that ICAM-1 rs5498 and VCAM-1 rs1041163 gene polymorphisms are associated with various diseases, including coronary artery disease, stenosis, and arthrosclerosis. Since the pathophysiology of these diseases is inflammation, similar to that of periodontitis, and because ICAM-1 and VCAM-1 are known to be involved in the occurrence and development of periodontitis, we hypothesized that the polymorphisms were also associated with periodontitis.
Main findings
ICAM-1 rs5498 and VCAM-1 rs1041163 polymorphisms contribute to chronic periodontitis, and ICAM-1 rs5498 and VCAM-1 rs1041163 gene polymorphisms might be associated with periodontitis severity in the Heilongjiang Chinese population.
Practical implications
Our study is the first to investigate the relationships between ICAM-1 and VCAM-1 polymorphisms and periodontitis.
Material and Methods

Ethics statement
This study was approved by the Ethics Committee of The First Affiliated Hospital of Harbin Medical University and each subject signed informed consent prior to enrollment in the current study. All procedures in this study were in accordance with the Declaration of Helsinki [25] .
Subjects
In this study, 766 nonsmoking subjects, who were admitted to the First Affiliated Hospital of Harbin Medical University between September 2012 and December 2014, were recruited. There were 584 patients with periodontitis (284 females and 300 males; age range: 20-50 years) among whom 228 had mild, 212 had moderate, and 144 had severe chronic periodontitis.
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We recruited another 182 subjects as healthy controls (98 females and 84 males; age range: 20-50 years). All periodontal examinations were conducted by the same investigator/dentist/clinician. Periodontitis was diagnosed based on probing depth (PD), clinical attachment loss (CAL), and bleeding on probing index (BPI), in addition to radiographic findings. The exclusion criteria were: history or current manifestations of systemic diseases; patients with diabetes mellitus, immunological disorders, hepatitis, HIV infection, or cardiovascular events; patients using orthodontic appliances; patients needing premedication for dental treatment; patients using anti-inflammatory drugs on a regular basis; patients with acute necrotizing ulcerative gingivitis; and pregnant or lactating women.
The diagnostic criteria of chronic periodontitis were: (1) presence of local factors such as plaque and calculus; (2) more than 2 sites had a PD ³5 mm, and CAL was ³1 mm in every quadrant, and the number of the teeth with alveolar bone absorption more than 2/3 the root length was £8. The severity of chronic periodontitis was categorized as: (1) the mild group: PD £4 mm, CAL: 1-2 mm, and the alveolar bone absorption is less than 1/3 the root length; (2) the moderate group: PD £6 mm, CAL: 3-5 mm, and the alveolar bone absorption is 1/3 to 1/2 the root length; and (3) the severe group: PD >6 mm, CAL ³5 mm, and the alveolar bone absorption is more than 1/2 the root length. Healthy subjects (182) without periodontal disease, systemic inflammatory disease, or surgical treatment within 4 weeks were enrolled as controls. Patients with absence of periodontitis were diagnosed based on: (1) at least 22 teeth in situ; (2) no site with PD >3 mm; and (3) no presence of CAL. No pathogenic tooth mobility was found in healthy controls and none had a history of periodontitis or tooth loss. Furthermore, no bleeding on probing or radiographic evidence of bone loss was observed among these subjects. All subjects signed informed consent forms prior to enrollment in the current study.
DNA extraction
Sterile cotton swabs were used to scrape oral mucosal cells. The buccal swabs were naturally dried at room temperature and their surfaces were stripped and transferred to Eppendorf tubes. Genomic DNA was extracted by the Swab Gen DNA Kit and stored at -20°C for later genotyping.
Identification of ICAM-1 and VCAM-1 polymorphisms
We analyzed 2 single-nucleotide polymorphisms (SNPs) with the Multiplex SNaPshot kit for rs5498 T>C in exon 6 of the ICAM1 gene and rs1041163 T>C in the VCAM1 gene. The primers for ICAM-1 rs5498 were: Forward: 5'-GTAAAGGACCTCTGGGTTACT-3' Reverse: 5'-AGGCTTCTGGATCTCCTCTT-3'. The primers for VCAM-1 rs1041163 were: Forward: 5'-ACTCACAGAGCACATTCACG-3' Reverse: 5'-AGATCTTGAGGGCACCTAC-3'. The PCR protocol was: initial denaturation at 94°C for 5 min, 33 cycles of amplification at 94°C for 30 s, annealing at 55°C for 30 s, and extension for 30 s at 72°C, followed by a final extension for 5 min at 72°C. PCR products were purified with Shrimp Alkaline Phosphatase (SAP) and preserved at 4°C. The primers and sequences of the SNaPshot extension reaction were: rs5498-R-R-60: 5'-tttttttttttt tttttttttttttttttttttttttttttAGCACATTCACGGTCACCT-3'. rs1041163-Y-F-34: 5'-tttttttttttGCTAGTATTTCCTGAATCAATTT-3'. The reaction protocol was: 25 cycles of extension at 96°C for 10 s, at 51°C for 5 s, and at 60°C for 30s, followed by 1 cycle at 4°C. The products were purified with 0.3 μl SAP and 1.7 μl ddH 2 O and stored at 4°C. Analysis using ABI 3730XL sequencer was: 1 μl product, 0.2 μl Genescan™-120LIZ Size Standard and 8.8 μl deionized formamide were mixed in a 96-well-plate, denatured at 95°C for 5 min, and directly analyzed by use of an ABI 3730XL sequencer.
Statistical analysis
Allelic and genotypic frequencies were obtained by manual counting. Contingency data were used with chi-square tests for the comparisons between observed genotype frequencies and those expected under Hardy-Weinberg equilibrium. Chisquare tests were conducted to compare the genotypes distributions of the groups with SPSS version 18 software. The odds ratios (OR) were calculated with their 95% confidence intervals (CI). P values less than 0.05 were regarded as indicating statistical significance.
Results
The distributions of the ICAM-1genotypes are shown in Table 1 . At the SNP level, a trend in genotype distribution was observed for rs5498 (CC vs. CT vs. TT, P=0.007). Although there was a trend toward a higher proportion of the rs5498 'C' allele in the patients with chronic periodontitis compared to the controls, the trend did not achieve statistical significance (P=0.472). As shown in Table 2 , the genotype distributions of VCAM-1 were different between the patients and the controls, with a trend in genotype distribution observed for rs1041163 (CC vs. CT vs. TT, P=0.029). Moreover, a higher prevalence of 'T' alleles was observed in the periodontal patients than in the controls (P=0.009). The odds of having chronic periodontitis among subjects with T/C at ICAM-1 rs5498 was 1.666 times the odds of having the disease among subjects with T/T at ICAM-1 rs5498, with 95% confidence interval (1.154 and 2.404). The distributions of rs5498 genotypes were significantly different across the 3 severity groups of periodontitis patients (CC vs. CT vs. TT, P=0.021; CC vs. CT+TT, P=0.029; Table 3 ). As shown in Table 4 , similar results were obtained for rs1041163 (CC vs. CT vs. TT, P=0.049).
Discussion
It has been proven that periodontitis, a complex multifactorial disease, is determined by both environmental and genetic factors. In addition to the pathogenic bacteria and other environmental factors (e.g., smoking and stress) [26, 27] involved in the pathogenesis of periodontitis, there is also evidence suggesting that genetic factors might participate in the etiology of periodontitis [28] . Recently, growing interest has been focused on identifying allelic variants of genes that can be used to assess the risk of periodontal diseases [29] . ICAM-1 and VCAM-1 polymorphisms are currently being investigated and have been found to be associated with several diseases, including stenosis, coronary artery disease, and arthrosclerosis [30, 31] . To the best of our knowledge, however, our study is the first to investigate the association between these polymorphisms and periodontitis.
Controls (n=182)
Cases (n=584) There was a significant difference in the rs5498 polymorphism of the ICAM-1 gene between the chronic periodontal patients and the controls. The genotype distribution of VCAM-1 rs1041163 was also significantly different between the patients and the controls. Moreover, a significantly higher prevalence of 'T' allele was observed in the patients than in the controls. These results suggest that rs5498 and rs1041163 polymorphisms may contribute to chronic periodontitis. Among the mild, moderate, and severe cases of periodontitis, the genotypes of rs5498 were found to have different distributions; similar results were obtained for the genotypes of rs1041163, suggesting that both rs5498 and rs1041163 may affect periodontitis severity.
The exact biological function of intronic SNPs is currently unclear. However, the probable mechanism underlying the function is as follows. Both ICAM-1 and VCAM-1 mRNAs are expressed by non-stimulated hepatocyte growth factor (HGF) [32] . In addition, ICAM-1 is induced by pro-inflammatory cytokines, such as IL-1b, TNF-a, IFN-g, and IL-2 [33, 34] . Escherichia coli LPS [35] and VCAM-1 are induced by IL-1b. ICAM-1 mediates the middle screw rotary body into the process of human gingival epithelium as an adhesion receptor on leukocytes and endothelial cells [36, 37] . A previous study suggested the ICAM-1 plays an important role in the early stage and progression of chronic periodontitis [38] . VCAM-1, combined with monocytes and lymphocytes, can activate vascular endothelial cells to express vascular adhesion molecules [39] . The release of cytokines and enzymes promotes the progress of inflammation. Animal studies have shown that suppressing the expression of VCAM-1 can significantly inhibit the inflammatory responses [40] . In order to control the inflammatory responses, it is critical to effectively suppress the expression of VCAM-1. These results indicate that SNPs of ICAM-1 and VCAM-1 may cause susceptibility to periodontitis, and that different distributions may result in different severities of periodontitis. It is thus possible to intervene in and control the progression of periodontitis and to treat periodontitis on the SNP level by identifying the polymorphisms of ICAM-1 and VCAM-1.
The pathophysiology of periodontitis, similar to that of some other complex diseases, is characterized by various biological pathways [41, 42] , which ultimately lead to the same clinical manifestation. It is important to note that the number and type of genes involved in the same disease may not be the same in different ethnic populations. Accordingly, a functional SNP may be in linkage disequilibrium with distinct markers in different ethnic groups. Therefore, we cannot deny the possibility that functional rs5498 and rs1041163, together with the other uncovered functional variants in linkage disequilibrium, might synergistically influence diseases.
Taken together, our study shows that ICAM-1 rs5498 and VCAM-1 rs1041163 gene regions may affect the susceptibility to chronic periodontitis in the Heilongjiang Chinese population. These 2 polymorphisms might also affect the severity of periodontitis. Our work provides the first evidence of the involvement of human ICAM-1 and VCAM-1genes in chronic periodontitis. However, the basic functions of ICAM-1 and VCAM1gene mutations remain to be further elucidated.
Conclusions
Our findings indicate that ICAM-1 rs5498 and VCAM-1 rs1041163 polymorphisms participate in the pathogenesis of chronic periodontitis, and that the gene polymorphisms at both ICAM-1 rs5498 and VCAM-1 rs1041163 might be associated with periodontitis severity in the Heilongjiang Chinese population. Future studies should focus on the application of these polymorphisms in the diagnosis and treatment of periodontitis as biomarkers.
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